MATERIALS AND METHODS
). In short-circuit experiments, an external current whose magnitude is termed the short-circuit current ( Table 1 ), so that mV.
Parameter estimation using the analytical formulas
To estimate the ion permeabilities, we use the analytical expressions for the short-circuit current and the membrane potential. Thus, given the permeability ratios { } and paracellular permeabilities { }, the equations above provide sets of apical, basolateral, and paracellular ion permeabilities { } that reproduce experimental steady-state values of short-circuit current ( ) and membrane potentials at both short-circuit ( ) and open-circuit conditions ( , and ). The maximum fluxes through the Na-K pump ( ) and the Na-K-2Cl cotransporter ( ) associated to each set can be calculated from the model equations (Eq. 2) at steady-state. By definition, all parameters are positive, thus any parameter set with one or more negative parameters must be excluded. Finally, to obtain the permeability ratios { } and paracellular permeabilities { }, simulations are run for all the experimental conditions (Table S3 ) and the score function SSD is computed. The parameter set that provides the minimum SSD corresponds to the best fit.
Estimation of prediction bands using a Monte-Carlo method
A major challenge in fitting parameters of biophysical models is degeneracy, that is, similar fits may be obtained by different parameter sets. Thus, we employed a Monte-Carlo method to obtain error bars for the estimated parameters. This ensemble method (48) takes into account the possibility that multiple parameter sets can reproduce the experimental data equally well. It uses a Monte Carlo algorithm to generate candidate parameter sets and a score function to select sets that provide good fits. The method is implemented as follows. For each parameter set, simulations are run for all experimental conditions (see Table S3 ) and the score function is the parameter value in the last accepted set and  is a constant defined so that 20% of the randomly-generated parameter sets are accepted (48) . Starting with an initial guess of parameters, the score function SSD decreases until it converges and fluctuates around a mean value (Fig. S1) revealed that all parameters were constrained by the data to relatively narrow ranges (Fig. S2A) .
Average parameter values are listed on Table S4 . The estimated parameters were consistent with those obtained with the analytical formulas. Based on the coefficient of variation (standard deviation/mean), the parameters with the largest relative variability were the apical K + permeability (56% variability) and the basolateral Cl  permeability (14% variability). All other parameters varied within 10% of their mean values among the 2,000 candidate parameter sets (Table S4) One advantage of using a Monte Carlo method to perform parameter estimation is that it allows relationships among model parameters to be investigated. Fig. S2B shows scatter plots for a subset of parameter pairs. The paracellular Na + and Cl  permeabilities were inversely related (Fig.   S2B , left-middle panel). This inverse relationship reflects the fact that anions and cations have an additive contribution to the paracellular current (because they flow in opposite directions through the paracellular pathway and have opposite charges). Therefore, to reproduce the experimental paracellular current, a reduction in the cation paracellular permeability requires an increase in the anion paracellular permeability, and vice-versa. Also, the apical Na + permeability, basolateral K + permeability, and maximum flux through the Na-K pump were positively correlated (Fig. S2B, bottom row, middle panel and right panel). This suggests a tight coupling between apical Na + channels, the Na-K pump, and basolateral K + channels, possibly to maintain intracellular Na + and K + at their steady-state levels. Other pairs of parameters did not seem to be correlated (Fig. S2B) . In particular, the apical Cl  and Na + permeabilities were not correlated (Fig S2B, top-left panel) . Reduction of basolateral Na + to 3mM
LIST OF MODEL PARAMETERS
Reduction of basolateral Cl  to 3mM Fig. 2A) , bumetanide (Fig. 2B) , reduction of basolateral [Na + ] to 3mM (Fig. 2C) , and reduction of basolateral [Cl  ] to 3mM (Fig. 2D) 
